Abstract Polychlorinated biphenyls (PCBs) persist and accumulate in the ecosystem depending upon the degree of chlorination of the biphenyl rings. Airborne PCBs are especially susceptible to oxidative metabolism, yielding mono-and dihydroxy metabolites. We have previously demonstrated that 4-chlorobiphenyl hydroquinones (4-CB-HQs) acted as cosubstrates for arachidonic acid metabolism by prostaglandin H synthase (PGHS) and resulted in an increase of prostaglandin production in vitro. In the present study, we tested the capability of 4-CB-HQ to act as a co-substrate for PGHS catalysis in vivo. BQ and 4-CB-2′,5′-HQ were administered intratracheally to male Sprague-Dawley rats (2.5 μmol/kg body weight) using nanosized polyamidoamine (PAMAM) dendrimers as carriers. We found that 24 h post application, PGE 2 metabolites in kidney of rats treated with 4-CB-2′,5′-HQ were significantly increased compared to the controls.
Introduction
Polychlorinated biphenyls (PCBs) represent a group of environmental pollutants that persist in the environment in spite of manufacturing cessation in the 1970s (Fiedler 2001) . Humans are exposed to PCBs via many routes. While the major route of exposure for higher chlorinated PCBs is the consumption of contaminated foods, inhalation and dermal absorption are thought to be the main routes of exposure for lower chlorinated airborne PCBs (ATSDR 2000) . A number of studies have shown that lower chlorinated PCBs can cause carcinogenicity in vitro and in vivo (Espandiari et al. 2003 (Espandiari et al. , 2004 Lehmann et al. 2007; McLean et al. 1996; Oakley et al. 1996) , and the International Agency for Research on Cancer has recently classified PCBs as human carcinogens (Lauby-Secretan et al. 2013) . The mechanism of toxicity is mainly derived from their toxic metabolites, hydroxylated, and quinoid PCBs. In our previous studies, we demonstrated that hydroquinone metabolites of 4-chlorobiphenyl (PCB 3) act as co-substrates in prostaglandin H synthase (PGHS) metabolism, resulting in the generation of reactive quinone metabolites and increased prostaglandin production in vitro (Wangpradit et al. 2009 ). PGE 2 , the major prostaglandin product, is of interest since it plays a crucial role in regulating neuronal and kidney functions, vascular hypertension, inflammation, and tumorigenesis (Kobayashi and Narumiya 2002) .
Intratracheal instillation (ITI) was selected as an exposure method to mimic a natural route of exposure of the airborne PCBs. ITI is an efficient method for introducing limited amounts of the study compounds and can offer more precise actual dose delivered to the animals' lungs compared with conventional inhalation exposure (Brain et al. 1976 ). The instilled vehicle should not alter the physicochemical nature of the study compounds nor have toxic effects on the lung itself (Driscoll et al. 2000) . Although hydroxylated 4-CB metabolites are more hydrophilic than the parent compound, they are still sparingly water-soluble. Using polar and non-polar organic solvents may cause an adverse effect on the lung (Lynge et al. 1997; Schenker and Jacobs 1996) . Hence, polyamidoamine (PAMAM) dendrimers, biocompatible polymers were chosen as the instilled vehicle for this study (Malik et al. 2000) . PAMAM dendrimers are highly branched nanoparticles that are designed to encapsulate hydrophobic solutes in their interior void spaces (Nourse et al. 2000) . The water solubility of PAMAM dendrimers is dominated by amino groups (−NH 2 ) on their surface (El-Sayed et al. 2001) . Surrounded by amino groups, PAMAM dendrimers are cationic, thus binding to the anionic cell membranes and entering the cells by endocytosis (Lee et al. 2005) . PAMAM dendrimers have been widely used as drug carriers due to their nanoscale size and unique branching property that provides a high content of drug in a compact system (Peppas 1995; Tomalia et al. 2007 ). PAMAM dendrimers have been studied and reported as non-toxic nanomaterials in vitro and in vivo (Fuchs et al. 2004; Malik et al. 2000; Roberts et al. 1996) . To assess the inflammatory potential of PAMAM dendrimers and study compounds, markers of inflammation such as total and differential number of cells in bronchoalveolar lavage (BAL) fluid were measured in this study.
Materials and methods

Chemicals and experimental devices
Dr. Hans-Joachim Lehmler and Dr. Gregor Luthe generously p r o v i d e d 4 -C B -2 ′ , 5 ′ -H Q a n d 4 -C B -2 ′ , 5 ′ -B Q . Lipopolysaccharide (LPS) from Escherichia coli 0111:B4 (Sigma Aldridge) was suspended in Hank's balanced salt solution (HBSS). Corn oil was purchased from Acros Organics, Morris Plains, NJ. Dimethyl sulfoxide (DMSO) was purchased from Fisher Scientific, Pittsburgh, PA. PAMAM dendrimers (G5-NH 2 ), 20 % w/w in water, were purchased from Dendritech, Midland, MI. MicroSprayer ® model 1A-1C (stainless steel, 1.25 after 120°bend) equipped with FMJ-250 high-pressure (3000 psi) syringe for ITI was purchased from PennCentury, Wyndmoor, PA. Sep-Pak ® plus C18 cartridges (Cat. no. WAT020515) were purchased from Waters, Milford, MA. Prostaglandin E metabolite enzyme immunoassay (EIA) kit (Cat. no. 514531) was purchased from Cayman Chemical, Ann Arbor, MI.
Uptake of 4-CB metabolites by PAMAM dendrimers
The uptake of 4-CB-2′,5′-HQ and 4-CB-2′,5′-BQ in PAMAM dendrimers was quantified using UV-vis spectroscopy (PerkinElmer, Waltham, MA). The stock solutions of 4-CB-2′,5′-HQ and BQ dissolved in DMSO were prepared. PAMA M dendrimers dissolved in water were acidified to pH 6 in order to decrease the nucleophilicity of the surface amines. Stock solutions of 4-CB-2′,5′-HQ and BQ were added to the acidified dendrimers to the final concentrations of 1, 5, 10, 50, 100, and 250 μg×mL −1
. The final solutions contained 50 μL of the stock solutions and 450 μL of the acidified PAMAM dendrimers. The solutions were then transferred to the microcuvette, and the UV absorbances were measured over a range of 200 to 400 nm.
Animals
This experiment was conducted with an approval from the Institutional Animal Care and Use Committee (IACUC) of the University of Iowa. Four-week-old male SpragueDawley rats (Harlan, Indianapolis, IA) weighing 75-100 g were acclimatized for one week at 22°C with a 12-h lightdark cycle and fed with an unrefined diet and water ad libitum.
ITI
Animals were divided into 4 groups: sham-exposed negative controls, LPS-exposed positive controls, and 2 the treatment groups. Each group was composed of 3-5 rats. The animals were administered a single intratracheal instillation of vehicle (10 % DMSO in dendrimers), or LPS in HBSS (10,000 EU/ rat), or vehicle with study compounds, 4-CB-2′,5′-HQ (2.5 μmol/kg body weight), 4-CB-2′,5′-BQ (2.5 μmol/kg body weight). Intratracheal instillation (200 μL per rat) using MicroSprayer ® model 1A-1C was performed under light anesthesia with 3 % isoflurane using a precision Fortec vaporizer (Cyprane, Keighley, UK). Four and 24 h after instillation, the animals were euthanized by isoflurane and cervical dislocation. Lungs (right lobes), livers, and kidneys were taken and snap frozen in liquid nitrogen immediately after excision. Left lungs of individual rats were lavaged 3 times with 0.9 % sterile sodium chloride solution (Baxter, Deerfield, IL) for a total volume of 10 mL. Bronchoalveolar lavage (BAL) fluid was stored on ice and processed as soon as possible after collection.
Evaluation of BAL fluid
The recovered BAL fluid was centrifuged at 800 g, 4°C for 5 min. The cell pellets were re-suspended in HBSS without calcium and magnesium (Life technologies, Grand Island, NY) and used to assess total cell counts per mL by hemocytometer and differential cell counts (400 cells per animal) after cytospinning and staining using the Hema-3 staining system (Cat.no.23-123-869, Fisher Scientific, Fair Lawn, NJ). The Hema-3 system includes a fixative, Eosin Y, and Azure A, and methylene blue that distinguish the various lavage cell types.
BAL cytokines were analyzed using a biobead-based ELISA system from Bio-Plex ® multiplex immunoassays (Bio-Rad, Hercules, CA). Analyzed cytokines included the following along with their limits of detection: IL-1β (2 pg/ mL) and TNFα (3 pg/mL).
Extraction of PGE 2 metabolites from tissues
A two-hundred-mg piece of the frozen tissues was homogenized in 2 mL of 0.1 M phosphate buffer solution (pH 7.4) containing 1 mM disodium EDTA, and 10 μM indomethacin to inhibit ex vivo production of PGE 2 . Absolute ethanol (8 mL) was added to the tissue homogenate in order to precipitate proteins. The tissue homogenate was centrifuged at 3000×g for 10 min. Supernatant was collected and acidified to pH 3.5-4 with 3 % formic acid before solid phase extraction (SPE). PGE 2 metabolites were extracted using Sep-Pak ® C18 cartridge and an extraction manifold. The cartridges were conditioned by washing with 5 mL methanol and nanopure water. The sample was then loaded to the Sep-Pak ® cartridge and washed consecutively with 5 mL of water, 15 % ethanol, and hexane. Five mL of ethyl acetate was then used to elute PGE 2 metabolites. This SPE method was adapted from Nigam's assay (Nigam 1987) . The eluted solution was dried to 1 mL under gentle stream of nitrogen gas and held at −20°C prior to the EIA analysis.
The PGE 2 metabolite standard purchased from Cayman Chemical (Cat. No. 414534) was extracted with the same SPE method. The eluted solution was evaporated to dryness and re-diluted with methanol. The recovery of this PGE 2 metabolite was quantified by LC-MS. The average % recovery of PGE 2 metabolite from three SPE extractions was 73 %.
Determination of PGE 2 metabolites by EIA
After it is generated, the PGE 2 is converted to 13,14-dihydro-15-keto metabolites within a few minutes by prostaglandin dehydrogenase and reductase that are particularly present in the kidney and lung (Hamberg and Samuelsson 1971) . These metabolites are more easily detected than the parent compounds due to their longer halflives and thus are used to determine the changes in PGE 2 synthesis (Samuelsson et al. 1975) .
Determination of PGE 2 metabolites (PGEM) was conducte d u s i n g t h e E I A k i t f r o m C a y m a n C h e m i c a l (Cayman_chemical 2010). Briefly, 50 μL of each sample was evaporated to dryness and re-diluted in 500 μL EIA buffer. The samples were incubated at 37°C overnight and diluted with PGEM assay buffer before performing the assay. This EIA assay is based on the competition between a PGEM, and a PGEM-acetylcholinesterase conjugate (PGEM-AchE) that binds to PGEM-specific rabbit antiserum bound to mouse monoclonal anti-rabbit IgG on the 96-well plate (Engvall and Perlmann 1971; Van Weemen and Schuurs 1971) . The more PGEM in the well, the less PGEM-AchE can bind. After washing to remove unbound PGEM-AchE, the Ellman's reagent containing substrate of AchE was added to the wells. Absorbance of 5-thio-2-nitrobenzoic acid, the product of AchE reaction, was analyzed at 405 nm using a microplate reader (SpectraMax 384 Plus, Molecular Devices, Sunnyvale, CA). Lower absorbance values indicated higher PGEM concentrations.
Statistical analysis
Data from the treatment and control groups were compared using Dunnett's t test (SAS version. 9.2, GLM procedure). The treatment groups were considered statistically different from the control group at p<0.05. Data are expressed as means±standard errors (SE) unless otherwise noted.
Results and discussion
Uptake of 4-CB metabolites by PAMAM dendrimers PAMAM dendrimers chosen for the present study were the fifth generation (G5) with ethylenediamine core and primary amine ends. The structure of a PAMAM dendrimer is shown in Fig. 1 . The diameter of a G5 PAMAM dendrimer is approximately 53 nm which is very similar in size and shape to hemoglobin (55 nm) (Svenson and Tomalia 2005) . Adding 4-CB-2′,5′-HQ and 4-CB-2′,5′-BQ to the dendrimers resulted in lower UV absorbance values and shift of the spectra to shorter UV wavelengths (Fig. 2) . The lower absorbance values indicated that the 4-CB metabolites were taken up into dendrimers. The shifts of UV spectra to shorter UV wavelengths may have resulted from the ionic or hydrophobic interactions between 4-CB metabolites and the branch chain of dendrimers.
PAMAM dendrimers have been used as the pulmonary absorption enhancers for certain drugs and hormones that possess neutral or negative charges (Bai et al. 2007; Dong et al. 2011) . It was found that insulin encapsulated in PAMAM dendrimers was 4 times more readily absorbed and detected in blood 2 h after intratracheal instillation, compared with the insulin alone (Dong et al. 2011) . Having a positively charged surface, PAMAM dendrimers can diminish the repulsion effect between insulin and negatively charged mucus membrane, thus increasing insulin transport across alveolar epithelium. This property may also be applied to the absorption of 4-CB metabolites in the present study. The other mechanism of absorption is possibly via endocytosis pathway through the alveolar epithelium (El-Sayed et al. 2003) .
BAL fluid
At 4 h post exposure, total lavage cells per rat shown in the form of mean±standard error were 1.2±0.5×10 6 and 1.0± 0.3×10 6 in 4-CB-2′,5′-HQ and 4-CB-2′,5′-BQ treated rats, respectively. The lavage cells in these groups were increased compared to the negative control (0.4±0.08×10 6 ) and up to the level of response to the LPS positive control (1.2±0.3× 10 6 ). However, these changes did not reach statistical significance due to the small numbers of animal per group (N=3). The total number of cells per rat in BAL fluid was significantly increased in the 4-CB-2′,5′-HQ treated group 24 h after exposure (0.8±0. 1×10 6 ), compared to the sham-exposed control (0.4 ±0.07 × 10 6 ). However, there was no significant change of total cells per rat in the 4-CB-2′,5′-BQ (0.3± 0.05×10 6 ). Total number of cells in unexposed sentinel rats was 0.5±0.02×10 6 cells (N=2). As expected, differential cell enumeration of lung lavage at 4 and 24 h revealed minimal increase in neutrophils in rats exposed to 4-CB-2′,5′-HQ or 4-CB-2′,5′-BQ over sham-exposed controls. This is in contrast to the LPS-exposed rats which had a profound increase in lavage neutrophils at 4 h (0.8 ± 0.3 × 10 6 ) with a partial resolution at 24 h (0.2±0.03 × 10 6 ) as expected and as shown in Fig. 3a, b . Lavage fluid macrophages were significantly elevated in rats treated with 4-CB-2′,5′-HQ at 24 h post exposure (p<0.05) (Fig. 3b) . At 4 h post exposure, rats treated with 4-CB-2′,5′-HQ and 4-CB-2′,5′-BQ showed a somewhat elevated macrophages over controls (not significant). The numbers of macrophages and neutrophils in BAL fluid of control rats were not significantly different from those of the sentinel rats.
In fact, macrophages can react differently depending on pH in their surroundings (Mosser and Edwards 2008) . The increase of macrophages after exposure to study compounds and PAMAM dendrimers may have resulted from change of pH on the surface of PAMAM dendrimers, thus triggering the response of macrophages. In contrast, neutrophils react more specific to the endotoxin or antigens on LPS (Witko-Sarsat et al. 2000; Raetz and Whitfield 2000) . This may lead to the considerable elevation of neutrophils 4 and 24 h after exposure to LPS. Lavage fluids were also analyzed for the production of proinflammatory cytokines. These assays revealed only minimal increase in interleukin-1 beta (IL-1β) after 4 h post exposure to 4-CB-2′,5′-BQ (not significant). The positive control, LPS, did induce significant cytokine production with elevated concentrations of IL-1β 4 h post exposure and tumor necrosis factor alpha (TNFα) 24 h post exposure. As with the absence of neutrophil recruitment to the lung, these cytokine concentrations demonstrated that there was minimal inflammation induced by the 4-CB-2′,5′-HQ and 4-CB-2′,5′-BQ. In addition, the pro-inflammatory cytokines were not elevated in control rats exposed to PAMAM dendrimers. These results were consistent with the study of Roberts et al. (1996) showing no evidence of toxicity and immunogenicity in Swiss-Webster mice after exposure to G5 PAMAM dendrimers. However, more recent in vitro studies revealed that high generations of PAMAM dendrimers can harm the mitochondria, subsequently leading to cell death (Mukherjee et al. 2010; Mukhejee and Byrne 2013) . Hence, further elucidation of inflammatory response and cytotoxicity of PAMAM dendrimers in vivo should be carefully conducted.
PGE 2 production in rats' organs
At 4 h post exposure, the concentrations of PGEM in the lungs, kidneys, and livers of rats treated with 4-CB metabolites or LPS were not significantly different from the control (Fig. 4a) . At 24 h post exposure, the concentration of PGEM was markedly increased in the kidneys of rats treated with 4-CB-2′,5′-HQ and 4-CB-2′,5′-BQ, compared to controls (Fig. 4b) . However, the change of PGEM concentration in 4-CB-2′,5′-BQ treated rats was not significant. It is noteworthy that concentrations of PGEM in kidneys of 4-CB metabolites treated rats at 24 h were approximately twice those at 4 h, whereas concentrations of PGEM in other organs were unchanged (Fig. 4) . The opposite effect was seen with the LPS exposure where the PGE 2 metabolites at the 4 h time point were double those at 24 h. Increase of PGEM level in the kidneys of rats treated with 4-CB-2′,5′-HQ may have resulted from the flux of 4-CB-2′,5′-HQ into the kidney. This could be explained by the evidence elucidating that the principal clearance mechanism of PAMA M dendrimers after parenteral administration such as lung exposure was found to be urinary excretion with more effective glomerular filtration for G1-G5 generations (Kobayashi and Brechbiel 2005; Lee et al. 2005) . It was also demonstrated that greater than 60 % of the injected doses of G2-PAMAM were cleared from the body within 15 min after injection (Kobayashi et al. 2003) . In addition to size, surface charge of PAMAM dendrimers is also an important determinant of the renal handling of nanosized molecules. The effect of molecular charge on renal filtration was found to be due to at least Fig. 3 Cell differentiations from bronchoalveolar lavage (BAL) fluid of rats necropsied at 4 and 24 h post exposure, representing each treated group in mean with standard error (N=3). 4-CB-HQ: 4-CB-2′,5′-HQ, 4-CB-BQ: 4-CB-2′,5′-BQ two factors: (1) potential interactions between charged molecules and serum proteins, resulting in particle adsorption, and (2) interactions between charged molecules and fixed charges within the glomerular capillary wall (Deen et al. 2001) . Therefore, kidney appears to be the major target organ for initial bio-distribution of study compounds encapsulated in PAMAM dendrimers which seem to be effectively eliminated from the kidney by renal filtration.
As a cosubstrate for peroxidase activity of PGHS, 4-CB-2′, 5′-HQ increased the biosynthesis of PGH 2 (Wangpradit et al. 2009) . PGH 2 is then converted to PGE 2 by prostaglandin E synthase (PGES). PGE 2 is the predominant arachidonate metabolite in the kidney of many species (Currie and Needleman 1984) . This finding could be explained by constitutive expressions of microsomal PGES-1 (Murakami and Kudo 2004) and PGHS-1 and 2 (Okamoto and Hino 2000) in the kidney, brain, stomach, and spleen (Boulet et al. 2004; Mancini et al. 2001) .
The cytokines especially IL-1 and TNFα released form activated macrophages can stimulate the biosynthesis of PGE 2 (Bachwich et al. 1986; Bry and Hallman 1991; Topley et al. 1989) . Hence, PGE 2 may be produced in other tissues and subsequently released into the blood. The high number of macrophages in BAL fluid of rats treated with 4-CB-2′,5′-HQ could be associated with high level of PGEM found in their kidneys at 24 h post exposure. In a previous study, it was reported that PGE 2 , PGD 2 , and PGF 2α were taken up mainly by the kidney within 15 s, following an intravenous injection of [ 3 H]PGE 2 , D 2 or F 2α in male Wistar rats (Eguchi et al. 1992) . Rapid uptake of PGE 2 in the kidney was thought to be due to the presence of PGE 2 receptors in renal cortex and medulla (Deane et al. 1990) . The other possibility is that PGE 2 accumulation in kidney reflects the typical urinary PGE 2 excretion via kidney (Granstrom and Kumlin 1987) .
Generation of reactive oxygen species (ROS), O 2 •-and H 2 O 2 , by the redox cycling of 4-CB-2′,5′-HQ/BQ (Song et al. 2008; Srinivasan et al. 2001 ) may activate nuclear factor kappa-light-chain enhancer of activated B cells (NF-κB), resulting in the up-regulation of PGHS-2 expression and downstream production of PGE 2 (Smith et al. 2000) . w?>However, in an in vivo rat model, activation of NF-κB was foundtopeakafter2 days of intraperitoneal injection of high dose PCB-153(150,and300μmol/kg)(Luetal.2003) .Itwasconcluded thatPCB153generatedROS,andprovidedoxidativecellularenvironment, leading to the activation of NF-κB that is sensitive to the oxidativestress.Inaddition,amuchlowerdoseof 4-CB-2′,5′-HQ (2.5 μmol/kg) maynotproduceenoughROStoovercomethecellularantioxidants,especiallyglutathione(GSH),thuscannotgenerate the oxidative stress in rat tissues. Therefore, increase PGE 2 productionbyanup-regulationofPGHS-2expressionmaybeex-cluded. However, additional tests for activation of NF-κB and PGHS-2 protein expression should be performed to confirm this conclusion. LPS is an evolutionarily conserved, amphiphilic component of the outer cell wall of Gram negative bacteria that reacts with pattern recognition receptors of the innate immune system (Hadina et al. 2008) . LPS acts through an amplifying cascade of LPS-protein and protein-protein interactions via lipopolysaccharide-binding protein (LBP), cluster of differentiation 14 (CD-14), and MD-2 to activate toll-like receptor 4 (TLR-4). This, in turn, activates cytokine gene-expression via NF-κB signaling (Sigsgaard et al. 2008 ) and produces lung inflammation as evidenced by dose-dependent increases in lavage neutrophils and cytokines including IL-1β,TNFα, interleukin-6 (IL-6), macrophage inflammatory protein-1 alpha (MIP-1α), granulocyte-colony stimulating factor (G-CSF), and keratinocyte chemo attractant (KC) (Thorne et al. 1999 ). This pathway is also important for adaptive immune responses to house dust mite aeroallergens (Trompette et al. 2009 ).
As a result of NF-κB activation, transcription of PGHS-2 gene is induced, bringing about subsequent increase of PGE 2 production (Hempel et al. 1994; Rhee and Hwang 2000) . Acting through the specific TLR-4/MD-2 complex receptor, LPS may stimulate the biosynthesis of PGE 2 at different time points depending on the cell types. For example, it was found that PGE 2 level significantly increased in rat glial brain culture after 6 h and peaked at 24 h post exposure (Shemi et al. 2000) , whereas PGE 2 level in macrophages increased after 24 h post exposure (Yun et al. 2008) . LPS was first selected for this study as a positive control for the endpoint of PGE 2 production regardless its mechanistic pathway since no other pertinent compound acting as cosubstrate of PGHS has been studied for the downstream prostaglandin production in vivo. However, LPS served as a good positive control for the potential inflammatory response induced by PAMAM dendrimers or DMSO.
Conclusions
Many phenolic compounds, such as catecholamines (Sih et al. 1970) , hydroquinones (Markey et al. 1987; Schreiber et al. 1986) , and 4-CB-HQ (Wangpradit et al. 2009 ) have been shown to stimulate prostaglandin biosynthesis in vitro. However, the cosubstrate property of these exogenous compounds was not elucidated in any animal model. In the present study, we attempt to investigate the cosubstrate property of 4-CB metabolites in a rat model using PAMAM dendrimers as vehicle for the intratracheal instillation.
We found that 4-CB metabolites were taken up by PAMA M dendrimers in comparison with the typical 4-CB metabolites in DMSO (100 %). Release of the 4-CB metabolites into blood circulation was thought to be mediated by endocytosis of the alveolar epithelium (Dong et al. 2011; El-Sayed et al. 2003) . Using PAMAM dendrimers as vehicle, no local inflammation was detected in animal groups treated with vehicle alone (control), while rats treated with 4-CB-2′,5′-HQ showed minimal signs of lung inflammation as judged by a mild increase in macrophages in the absence of neutrophile or cytokine up-regulation. This finding is in accordance with the study of Hu et al. (2010) showing minimal inflammatory response in rat lung after inhalation exposure to an airborne PCB mixture. After 24 h of exposure, PGE 2 level significantly increased in the kidneys of rats treated with 4-CB-2′,5′-HQ, compared to the control. This may have resulted from the following: (i) 4-CB-2′,5′-HQ acted as cosubstrate for the basal PGHS-1 and 2 in kidney, (ii) 4-CB-2′,5′-HQ increased PGE 2 production in macrophages, but accumulated in kidney for urinary excretion, and unlikely (iii) up-regulation of PGHS-2 via activation of NF-κB by ROS produced from the redox cycling of 4-CB-2′,5′-HQ/BQ in kidney. An extended study to test the production of ROS, expression of PGHS-2, and activation of NF-κB signaling pathway in both macrophage and kidney cells is required to support these findings.
PAMAM dendrimers were proved to be the effective transport media for hydrophobic solutes in this study. They showed non-toxic effect post ITI exposure in rats compared to the sentinel ones.
